Introduction
Izu-Oshima Volcano started to erupt again on November 15, 1986 at the summit crater, after an interval of about 12 years. Successive fissure eruptions occurred on November 21 in the caldera floor and at the northern side of the somma (NATIONAL COMMITTEE OF VOLCANOLOGY AND CHEMISTRY OF THE EARTH'S INTERIOR, JAPAN, 1987) . Before this eruption, the latest major activity occurred from 1950 to 1951, though there was a small activity with Strombolian type eruption in 1974 (ISSHIKI, 1984) .
The earliest aeromagnetic surveys over Izu-Oshima Island were conducted in 1958 and 1961 (KATO et al., 1962 ) using a vertical component magnetometer and a total intensity magnetometer, respectively, both of which were of the flux-gate type. These surveys outlined the magnetic anomaly over the Izu-Oshima area. Another aeromagnetic survey, using a proton magnetometer, was conducted by the Hydrographic Department of the Maritime Safety Agency, Japan, in 1964 as part of the Upper Mantle Project (UTASHIRO et al., 1972; VEDA et al., 1983) , and the results represented magnetic contours of 100-200 nT intervals at a flight altitude of 3000 ft above sea level. A similar survey was carried out in 1965 by Kato, Takagi and Muroi (RIKITAKE, 1972; KODAMA and UYEDA, 1979; KATO, 1981) , who presented aeromagnetic total intensity maps at the heights of 4000 ft, 5000 ft and 6000 ft in a contour interval of 100 nT. All the above maps described the magnetic anomaly pattern over the island. Although the principal patterns of anomalies coincide with each other, there are some discrepancies between them. For instance, the shape of the positive anomaly near Mt. Mihara at the height of 3000 ft (UTASHIRO et al., 1972) is very elongated northward compared with the results by Kato, Takagi and Muroi. This cannot be explained by the difference in flight elevations. As the accuracies of the surveys have not yet been discussed, it is difficult to guess the cause of these discrepancies. So, it was necessary to acquire more precise survey data under careful examinations of survey accuracies, including position fixing, in order to clarify magnetic structures and their variations.
The Geological Survey of Japan (GSJ) conducted an aeromagnetic survey over the Izu-Oshima area in September, 1978, at a flight altitude of 3500 ft above sea level, as a part of a wide areal survey (GSJ, 1980) . On November 29-30, soon after the 1986 eruption, a similar survey was carried out by Nakanihon Air Service Co. Ltd. The 1978 survey was 25 years after the last major volcanic activity (4 years after the minor activity), and 8 years before this eruption. So we can consider that the preeruption aeromagnetic data of the 1978 survey show the magnetic anomaly in the stable stage of the volcano, whereas the posteruption data of the 1986 survey is in the activated stage. From the comparison of both data, therefore, one can expect to judge whether a large-scale magnetic structural transition took place with relation to this eruption or not. Figure 1 shows the location of Izu-Oshima Island and the names of places referred to hereafter. 
Instrumentation and Survey Operation
The airplane and equipment on board used for each survey are summarized in Table 1 , and detailed descriptions of this equipment are given by NAKATSUKA (1984a, b). The preeruption survey flight over Izu-Oshima area was carried out on September 18, 1978. A total of 16 traverse lines in the N-S direction and 3 tie lines in approximately the E-W direction were flown at an altitude of 3500 ft above sea level. A temporal ground station was provided at Sendzu, in the northern part of IzuOshima Island, where an optical pumping-type magnetometer was operated continuously to monitor the time-variation of the magnetic field throughout this survey period.
In the posteruption survey flights on November 29-30, 1986, 16 traverse lines (N-S) and 1 tie line (E-W) were flown at the same altitude as the preeruption survey. For this survey, no temporal ground station was settled, but the total force magnetic data at Nomashi, in the western part of Izu-Oshima Island, were available from the Earthquake Research Institute, University of Tokyo.
Accuracies of Measurements
Each aircraft used in the preeruption and posteruption surveys was equipped with a special tail boom called a "stinger" to mount a magnetic sensor. When using stinger sensors, it is important to eliminate the effect of the aircraft's magnetic field. The method described by NAKATSUKA et al. (1976) and NAKATSUKA (1984a) was applied to compensate for this effect.
After this compensation, the measurement offset dependent on the aircraft's static heading was reduced to less than 1 nT, which might be a little increased, up to a few nanotesla, due to the rearrangement of on-board equipment. In an actual survey flight there are other types of noise sources, for instance, dynamic changes of the aircraft's attitude can generate some noise fields. The amount of such effects, however, could be checked by maneuvering of the aircraft in a magnetically calm area. The total error included in the magnetic measurements was thus estimated to be less than 5 nT during usual survey operations, and less than 10 nT even under the worst conditions.
On the other hand, it is important to estimate the positioning error for the purpose of the comparison of aeromagnetic anomalies. Both the Loran-C receiver and the range-range navigation system used in the preeruption and posteruption survey, respectively, have an equal resolution of 0.1 microsecond of radio wave travel time, which corresponds to a positional resolution of about 50 m or less.
Actual positioning data from these navigation instrument, however, contain some fluctuations and static offsets, which are supposed to come from instrumental limitations and meteorological conditions along the radio-wave travel path, respectively; and it has been proven that a ground image position fix by vertical camera record is superior in absolute positioning where the ground image includes characteristic landscape or objects. We adopted the combined positioning in the use of radio-navigation data corrected by ground image data, because actual appearances of good characteristics in the ground image were mostly limited to the coastal area of the island. The positioning error could be estimated to be less than 250 m, from the dispersion of difference vectors between results of position fixes by the radio navigation data and by the ground image.
It was easy to maintain the desired barometric altitude, and it was confirmed to be within 50 ft (15 m) allowance throughout the survey lines.
Data Reduction and Results
The airborne magnetic data were corrected for the time-variation of the geomagnetic field by using the geomagnetic data ( Fig. 2 ) observed at the ground station. Here, we assumed that the time-variation of the geomagnetic field is common between the ground station and on the plane. This assumption is supported by the fact that the magnetic observation at Kakioka, about 200 km northeast of Izu-Oshima, revealed the same variation as at Nomashi, within 1 nT error, during the 1986 survey flights.
The radio navigation data were corrected by the ground image position fix. Next, the flight paths were determined based on the computation of surface distances to the Loran-C transmitting stations.
Then, the magnetic field values at the cross points of the traverse and tie lines were examined. Although the two observations at each cross point should ideally coincide with each other, differences exist in practice due to various kinds of error. We can infer from the examination of a number of cross points what is the principal origin of the resultant difference. In the case of these surveys, almost all the differences could be explained by small shifts of less than 200 m in position data, and the data were further corrected.
Finally, the International Geomagnetic Reference Field (IGRF) (IAGA DIVISION I WORKING GROUP 1, 1985) was calculated for the epoch of 1986.9 and subtracted from the observational field of the preeruption and posteruption surveys, and the residual values were interpolated into mesh data to draw contours. Data are plotted at 5 minute intervals. The records at the Sendzu station were read at 1 nT resolution.
Figures 3 and 4 are the magnetic anomaly maps produced from preeruption and posteruption survey data, respectively. Here, the IGRF residual values of the preeruption survey have been added at a level of 128 nT as a secular variation between the epochs of 1978.7 and 1986.9. This value level was decided so that both the preeruption and posteruption residual anomalies have an equal mean level, especially in the northeastern part where only a broad anomaly with relatively small amplitude exists. This level shift is supported by calculations of the DGRF (Definitive model of IGRF) for the epoch of 1978.7 and the IGRF for the epoch of 1986.9, from which the secular change of reference field is estimated to be about +135 nT in this area.
One can see the common appearance of the magnetic anomaly patterns in Figs. 3 and 4, though there are some differences in detail. As general common features, the following are recognized.
1) Relating to Mt. Mihara and Mt. Futago, positive magnetic anomalies with large amplitudes are situated along the south of these mountains.
2) Negative anomalies are dominant on the eastern side of the island.
3) In the central to northern part of the island, there are rather complicated anomalies, which are the reflection of the complicated subsurface structure. 4) From the north of Okata, a broad positive anomaly zone extends ESE, and a broad negative anomaly exists to the west of Nomashi. Contour interval is 25 nT. IGRF for the epoch of 1986.9 was subtracted and the mean level was adjusted to correct the secular change. Spined lines indicate trackline paths of the survey, and spines correspond to every 10 second point on the survey flight paths.
5) As a large-scale trend, a pair of positive and negative anomalies extends through the island in the NW-SE direction, which are considered to reflect the principal magnetic structure of the island. 
Differences between Two Survey Data
The two anomaly maps are the results of surveys 8 years apart, and no activities have occurred during these years besides this latest eruption. Therefore, the variation of magnetic anomaly in this interval is supposed to be related to this eruption.
In order to clarify the difference, the preeruption data was subtracted from the posteruption data at each mesh point, and the residuals were represented by contours in Fig. 5 . The difference values are roughly in the range of -100 nT to +300 nT. On the other hand, data of both surveys were processed together to produce a combined anomaly map. In the cross point examination for this case, no 
Discussion
At the time of the latest previous major activity of Izu-Oshima Volcano, various kinds of geophysical research were conducted by many investigators (YOKOYAMA, 1958) . Among them, RIKITAKE (1951) analyzed the difference of geomagnetic inclination data at 36 stations on the island between the beginning and the end of the early stage of the activity (July to September, 1950) Here, we must be aware that Fig. 5 is not based on repeated measurements at the same position, but is a simple subtraction of mesh point data. As the mesh data were smoothly interpolated from data along survey lines, there was ambiguity between lines. That is, magnetic contours are drawn for convenience' sake in order to illustrate the anomalous pattern on the survey lines, to which the accuracies of magnetic and positional measurements discussed in the previous section are applicable. For instance, note the magnetic anomalies along the E-W cross-section 1-2 (shown as thick lines on Figs. 3 and 4) running through the highest peak of the magnetic anomaly near Mt. Mihara. In the posteruption survey (Fig. 4) , a survey line goes through very near the peak, whereas lines in the preeruption survey (Fig. 3) pass on either side of the peak. Figure 8 illustrates this situation. Data on the preeruption survey lines are indicated by open circles, and are interpolated into the solid line on the left (a), whereas the solid circles and broken line are of the posteruption survey. The difference between solid and broken lines is equivalent to the same cross-section of Fig. 5 , and the interpolation using both data (open and solid circles) results in the solid line on the right (b). As the average line spacing in each survey was 1 km, we must take into account the aliasing effect of an anomalous pattern with a wavelength less than 2 km. Actually, the magnetic profile in Fig. 8(b) includes anomalies of such wavelengths, but is quite reasonable because it is in good correlation with the topography.
Recently, USDA et al. (1987) presented an aeromagnetic anomaly map over Izu-Oshima at the height of 3000 ft, based upon another aeromagnetic survey with line spacing of about 500 m, which was conducted by the Hydrographic Department of the Maritime Safety Agency in December, 1986 . Though the elevation of their data was 500 ft lower than ours, their anomaly pattern revealed a double-peaked anomaly similar to our Fig. 6 at the south of Mts. Mihara and Futago. Their result supported that the actual anomaly pattern along the cross-section 1-2 was represented by Fig. 8(b) .
A similar examination at the northern part of the caldera rim, where the negative peak of -100 nT is located in Fig. 5 , led us the conclusion that the difference could be caused by an insufficient distribution of survey lines. That is, in the posteruption survey, the anomaly pattern along the caldera rim was not represented correctly because of the wider spacing of survey lines there. It is noticeable that this negative peak is located just at the northern side of the somma where a fissure eruption occurred on November 21, 1986. So, there is still a possibility that magnetic change related to this fissure eruption might have made some contribution to the anomaly difference of -100 nT. However, it is difficult to assert this possibility from our data.
From the above considerations, we can conclude that the difference between the two sets of survey results is mainly due to insufficient line spacing of both surveys, and that the variation of large-scale magnetic anomaly during these 8 years was too small, if it existed, to realize from our aeromagnetic data.
Structural Modeling
Now we can consider the combined anomaly map (Fig. 6 ) to represent more detailed magnetic anomalies, as the line spacing for this is 500 m in average. Using this data, we modeled the subsurface magnetic structure of Izu-Oshima Island. The process was as follows.
1) The topographic effect of the magnetic surface was estimated as a correlating part of the observed field with the theoretical field, as was proposed by BLAKELY and GRAUCH (1983) , and this effect was removed from the observation.
2) A large-scale trend with a pair of positive and negative anomalies in the NW-SE direction was modeled into the effect of a dyke-like body, by means of an inversion similar to that used by MCGRATH and HOOD (1970) .
3) To explain the remaining field, an assemblage of small prismatic bodies was introduced, and the parameters of each prism were determined by the trial and error method. This analysis was applied to the 20 km square area, the corners of which are indicated in Fig. 6 as cross marks. Throughout the analysis, the magnetizations were from Izu-Oshima were magnetized in approximately this direction (YUKUTAKE, 1961) . A detailed description of the analysis is given in a separate paper (MAKING et al., 1987) . Here we discuss only the results.
First, the topographic magnetization was estimated to be 7.0 A/m, and it was suggested that roughly half of the magnetic anomaly was explained by this topographic effect (Fig. 9) . After removing this effect from the observation, a large scale trend in the NW-SE direction was revealed more clearly. Fig. 9 . Estimated topographic effect on the aeromagnetic anomalies (Fig. 6 ), calculated as a correlating part of the observed field with the theoretical field of uniformly magnetized terrain. Contour interval is 50 nT, and negative area is shaded.
Then, an averaged magnetic profile in the NE-SW direction was created to put into a two-dimensional interpretation. The optimum model for this trend was resolved into a dyke-like body of a top depth of 500 m below sea level, a width of 3.8 larger by 3.3 A/m than the surroundings. This dyke-like body would be a macroscopic representation of numbers of dyke intrusions with much higher magnetizations.
The rest of the anomaly was interpreted by a distribution of small prismatic bodies (Fig. 10) with a constant magnetization of 50 A/m. This value of magnetization would be too high for practical rock bodies, because the measurements of rock samples (NAGATA, 1940) showed much lower magnetizations.
These prismatic bodies were assumed to be equivalent models for the various shapes of actual sources such as intrusives, lateral volcanoes and lava beds. Actually, the distribution of prisms (Fig. 10) is generally in good accordance with caldera centers, caldera rims, lateral volcanoes and old lava flows, though some of them are thought to be concealed under the surface. Figure 11 gives the anomaly field derived from the model of a dyke-like body and prismatic bodies. The observed field was explained very well by this model field and the topographic effect, and the residuals were reduced to only random noises the aeromagnetic map of the surrounding sea area (GSJ,1980) . The matching of the model field with the observations is indicated in Fig. 12 as an example, on which the schematic subsurface structure is also displayed, for the profile of the thick lines in Fig. 6 . Here, discrepancies on both sides are the effect of the sideward trend, which is not modeled in this study. Magnetic structures were discussed by KODAMA and UYEDA (1979) and VEDA et al. (1983) based upon the survey data of the 1960's. Their essential result is that the magnetic anomalies are interpreted by the strongly magnetized terrain with a less magnetized portion in the east side of the island. This portion might correspond to the reversely magnetized prisms in our model (Fig. 9) as an equivalent source, though their distribution is shifted northward.
On the other hand, our analysis of magnetic anomalies revealed that the effects of magnetized terrain could explain only about half of the anomaly intensity, and that there exist some deeper magnetic structures, such as dyke intrusions, extending NW-SE. This strike is consistent with the geologic observations (ISSHIKI, 1984) . However, this large-scale structure has not yet been confirmed, and further investigation should be anticipated.
